Abstract
INTRODUCTION
Viral hepatitis is one of the leading causes of death and disability worldwide, with a greater burden of disease associated with hepatitis C virus (HCV) infection in Europe, the Middle East, the Americas and NorthAfrica, and with hepatitis B virus (HBV) infection in sub-Saharan Africa and most of Asia [1] . Within Europe, Italy is affected by the highest prevalence of HCV infection, as well as by high rates of liver cancer mortality [2] . According to a recent systematic review, the prevalence of anti-HCV antibodies in other European countries ranges from 0.1% to 3.2%, whereas it has been estimated to be 5.9% in Italy [3] . HCV prevalence shows a steep increase with age in subjects born before 1950, and a marked geographical trend with higher rates in Southern compared to Northern regions [2] . The available data suggest unique features in the epidemiology of HCV infection in Italy with at least two different epidemic waves experienced during the past century. The first wave, which likely peaked in the 1950s and 1960s, mostly affected people born during the 1920s to 1930s and was probably associated with the widespread use of minor invasive procedures performed with improperly sterilized, non-disposable instruments. The second wave affected young adults in the 1970s and 1980s who suffered the largest impact of intravenous drug use-related HCV infections [4, 5] . The vanishing effect of the first epidemic may have a profound impact on the burden of liver disease in Italy [5] : HCV infection might be considered mostly a feature of elderly subjects, and the mortality of HCVrelated liver cancer is expected to decline in the years to come, which is line with the current observable trend [6] . The epidemiology of HBV has shown a progressive reduction in the endemicity levels with less than 1% of subjects in the overall population currently being HBsAg positive [7] . Similar to HCV, the burden of HBV infection could further decline given that the overall vaccination coverage rate is approximately 95% and nearly all Italian individuals under 35 years have now been vaccinated against HBV [7] . However, such favorable trends observed in more recent years could be impaired by the increasing number of immigrants living in Italy not vaccinated against HBV [7] , and by a rising burden of HCVassociated disease with ageing of the cohort affected by the more recent HCV epidemic. In Italy, HBV and HCV testing has been so far carried out for high-risk or convenience groups (including intravenous drug users, blood donors, pregnant women, hospitalized patients), whereas there have not been national or regional testing strategies at the population level. Current population-based epidemiological figures on virus-related chronic liver disease in Italy are based mainly on local studies, whereas nationwide data are lacking. The aim of this study was to assess the burden and variability of mortality associated with HBV and HCV infection by analyzing the data obtained by the national database of causes of death.
MATERIALS AND METHODS
All analyses were carried out on the Italian National Cause of Death Register, managed by the Italian National Institute of Statistics (ISTAT). Data are based on the information reported on death certificates; all the diseases mentioned in the certificate are coded according to the International Classification of Diseases, 10 th Edition (ICD-10 2009 version). Standard mortality statistics are usually based on internationally adopted algorithms that identify a single underlying cause of death (UCOD) from all the conditions reported in the certificate. Analyses based on any mention of a disease irrespective of its selection as the UCOD, the so-called multiple causes of death approach (MCOD), can more fully describe the burden of mortality associated with chronic diseases [8] . All deaths from January 1, 2011 to December 31, 2013 of subjects resident in Italy and aged ≥ 20 years with any mention in the death certificate of HCV (ICD-10 codes B17.1, B18.2) or HBV infection (ICD-10 B16.0-B16.9, B17.0, B18.0, B18.1) were extracted. Age and gender-specific mortality rates were computed for the whole nation as well as by area of residence (North-West, North-East, Centre, South, Islands). The geographical variability in HCV-related mortality rates was summarized by directly age-standardized rates (European standard population) both for the whole population aged ≥ 20 years, and for broad age classes. Proportional mortality was defined as the percentage of deaths with any mention of HCV or HBV out of all registered deaths, and was computed by age, gender, and immigrant status based on the country of citizenship. To deal with larger numbers, non-Italian countries of citizenship were grouped by area of provenance on the basis of macro-geographical regions and sub-regions: North Africa, Sub-Saharan Africa, South Asia (Indian subcontinent), other Asian countries, Central and South America, EU15 and other developed countries. Furthermore, analyses were restricted to the 20-59-year age band, where the immigrant population is more represented [9] . Among deaths with mention of HCV or HBV infection, the selected UCOD was analyzed by age class according to broad nosological sectors: viral hepatitis, liver cancer, and chronic liver diseases (ICD-10 B15-B19, C22, K70, K73, K74), acquired immunodeficiency syndrome (AIDS, B20-B24), neoplasms other than liver cancer (C00-D48, except for C22), circulatory diseases (I00-I99), and a residual category including all other diseases.
RESULTS
Out of 1787434 deaths of subjects aged ≥ 20 years in the causes of death registry, HCV infection was mentioned in 1.6% (n = 27730) and HBV infection in 0.2% (n = 3838). These two groups included 647 decedents presenting with HBV-HCV co-infection. Figure 1 shows that the mortality rate associated with HCV infection increased exponentially with age in both genders, and among the elderly, the male to female ratio was close to unity. A further peak was observed in the 50-54-year age-group, especially among males, with a male to female ratio equal to 5.3. Mortality rates associated with HBV infection increased slowly with age and were always higher in the male gender. Proportional mortality figures (Figure 2 ) confirmed the bimodal distribution of HCV-related deaths. The selected UCOD was a liver disease (cirrhosis, liver cancer, viral hepatitis) in the majority of deaths with mention of HCV or HBV infection. This was observed especially in subjects aged 50-79 years ( Figure 3) . Among younger decedents a large proportion was represented by AIDS, whereas among the very elderly the UCOD was more evenly distributed across different nosological sectors.
The overall age-standardized HCV-related mortality rate was higher in Southern Italy (Table 1) . However, the findings were observed to vary depending on the age class. The peak in mortality among people aged ≥ 60 years was higher in Southern Italy, whereas mortality rates in the 40-59-year age band, corresponding to the lower peak registered among middle-aged subjects, was more pronounced in the North-Western and Central regions of the country.
In analyses restricted to the 20-59-year band, HCV infection was mentioned in 4092 Italian and 120 immigrant decedents, and HBV infection in 757 Italian and 78 immigrant decedents; information in the United States to monitor time trends in HCVrelated mortality [10, 11] , and to assess the burden of HCV-related deaths in high-risk populations such as prison inmates [12] . In Italy, MCOD analyses of virusrelated liver diseases have been carried out only at the regional level [13] . This first nationwide report allows for the investigation of variations in mortality by age, gender, area of residence, and immigrant status, thereby providing a raw but comprehensive picture of the contemporary burden of HCV and HBV-related mortality in Italy.
Repeated surveys carried out in a small town in Southern Italy suggest a decreasing prevalence of HCV infection, being mostly confined to the oldest age groups [14] . Moreover, clinical studies found that, although HCV infection still represents the main on citizenship was missing for 8 and 6 subjects with HCV and HBV infection, respectively. In spite of low numbers among immigrants, Figure 4 shows that proportional mortality for HCV infection was higher among Italian citizens and immigrants from North Africa. In the case of HBV infection, the proportional mortality was higher among immigrants from SubSaharan Africa and Asian countries.
DISCUSSION
Analyses of death certificates are known to be affected by incomplete reporting and misclassification of the etiology of liver diseases, leading to an underestimation of the true mortality burden associated with chronic viral infection [10] . The physicians filling in death certificates may be unaware of HCV or HBV infection in the patient or may not consider that the disease contributed to the death. Furthermore, among elderly patients affected by multiple comorbidities, there may be no simple etiologic chain leading to the identification of a single underlying cause; especially in the contest of ageing populations like in Italy, death often results from a complex interaction between multiple factors. As a consequence, instead of relying only on the underlying cause of death, the MCOD approach allows a more complete identification of the burden of mortality attributable to viral hepatitis infection. The MCOD methodology has been applied etiology for chronic liver disease in Italy, its role is declining in more recent years [15, 16] . The present data suggest that the current burden of HCV-related disease among elderly Italians is still large, especially in Southern regions. These figures must be interpreted within the frame of the recent availability of safe and effective drugs that will change the approach to the aged HCV patient, with an increasing number of treatment candidates [17] . Furthermore, mortality data confirm the presence of two distinct epidemic waves that have partly been associated with different HCV subtypes [18] . A bimodal distribution of HCV infection has been previously reported by seroprevalence surveys conducted both in Northern [19] as well as in Southern Italy [20] , and by analyses of the mention of HCV infection in records from a sample of Italian general practitioners [21] . The peak in middle-aged subjects is most likely associated with intravenous drug abuse as well as with other risk factors (including tattoos and piercing) typical of younger generations [19] . Such a peak is well-recognizable from mortality rates at least in the male gender, and must strictly be monitored in the future: HCV-related liver disease progresses faster with aging, extra-hepatic manifestations of HCV infection are probably worse in the elderly, and the risk of hepatocellular carcinoma increases with age [17] . In the United States, where HCV infection is mostly restricted to the 1945-1965 birth cohort, HCV-related mortality assessed with the MCOD methodology is steeply increasing [10] . The HCV-related mortality wave is rapidly rising in the United States as the age of the affected birth cohort is increasing [22] ; a similar unfavorable trend could be observed in Italy in the near future. Furthermore, mortality data suggest that the geographical variation in the burden of HCV differs across age groups, with higher rates observed among middle-aged subjects residing in Northern and Central Italy with respect to the Southern regions.
Mortality among immigrants mirrors the available data on the global epidemiology of viral hepatitis. Estimates for the prevalence of HCV infection range from < 1.0% in Northern Europe to > 2.9% in Northern Africa, with the highest prevalence (15%-20%) reported from Egypt [23] . Similar to Italy, other countries with high HCV prevalence suffered from iatrogenic spread around the middle of the past century. In Egypt, this was due to parenteral antischistosomal therapy through 1961-1986 [24] ; mass trypanosomiasis therapy before 1951 in the Central Africa Republic, and intravenous treatment with antimalarial drugs and other medical interventions in Cameroon, also caused iatrogenic transmission of HCV [25] . Data on HBV-related mortality are consistent with the rates that have been reported from the countries of origin and with previous studies on immigrants in Italy. Among undocumented immigrants in a city in Northern Italy, 6% tested positive for HBsAg; the only independent predictor was the prevalence of HBV infection in the area of provenance, with higher rates for subjects from Sub-Saharan Africa and Asia [26] . The present mortality analysis was carried out on legal residents with foreign citizenship, representing about 5000000 subjects (8.3% of all residents in Italy, 10.9% in the 20-59-year age band), and was not restricted to selected high-risk groups like undocumented immigrants or asylum seekers. All of the above evidence should guide a re-appraisal of strategies tailored according to the area of provenance for screening, HBV vaccination, HBV and HCV infection treatment of the immigrant population.
In conclusion, population ageing, an increase in the number of immigrants from countries with high HBV and HCV prevalence, and changes in the therapeutic approaches are re-shaping the epidemiology of virusrelated chronic liver disease. MCOD data are a useful tool among the multiple information sources needed to monitor this rapidly evolving scenario.
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